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Monkeys with arnygdaloid anti hippocnmpal lesions and an operated con-
trol group were found to have high savings upon retraining to transpowd
stirntdi after iearning of a size discrimination. None of the gro~lp differ-
ences on the savings me~ wtre approached significance. Both amygdala
and control groups, however, exhibited a disruption in performance on the
first zo retraining trials, which n“as highly related to performance on a
former novelty teat. It was s[lgg(’sted th~t former reports of a transposi-
tion deficit after amygdalectomy may have been due to differences in r~
sponses b novel cue used in test pairs, and to relatively few test triala
being given.

In the model of Iimhic system function
recently Imesented by Douglas and Prih-
rmn (1966), the amygdala is postulated to
be a vital anatomical substrate of an at-
tention-directing system in which the prob-
ability of attention to a stimulus is in-
creased as a function of reinforcement. This
system is basical]y reward-sensitive, error-
insensitive, and its disruption through re-
moval of the aniygdala is postulitted to re-
su]t in an ,$ whose behavior is now ]argeiy
determined by a remaining system (rtssoci-
atclcl with the hippocarnpus) wkich is error-
sensitive, reward-insensitive. While this
hypothesis, with some elaboration, can ac-
count for the greater part of the rcsu]ts in
the literature on the effects of an~ygc\alec-
tomy on behavior! there is one finrling which
appears to lie completely outside this line
of reasoning. This glaring exception is the
report that all~~’gclalcctolnized monkeys do
not transfer training from one discrimina-
tion prol)lem to another when the two stim-
uli in ea(”h case differ in the same l~ay along
a single (Iimension (Bagshaw & Pribram,
1965; Schwartzbaum & Pribram, 1960).
The a~~lygclnlecto}~]ized ,S~ showed iJo tenrl-
ency to press either of the test stimuli, while
the normal iSs respon~led nhnost exchlsiveiy
to the test stimulus w’hich hrtcl the same
relative brightness or size as the one ori-
ginally rewarded, even though this ]~articu-
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Iar stimullls was of a different absolute
size or I}rigl)t,ness from the originally re-
warded stimulus. These data imply that
the arnygclala is involved in an underlying
mechanism which results in a transfer of
trajnjng on the basis of relative differences
between cues, and there is reason to believe
that such a conclusion has been drawn by
many workers in this field. The present
author attempted to replicate the results
above, ns the data jn these studies do not
lcarl unequivocnl]y to the conclusions which
have been drawn. For example, the Bag-
shaw and Prj brain (1965) study was nct,u -
ally all investigation of postoperative reten-
tion of a transposition tendency when the
original problem had been learned pre-
opcratively, and the results do not neces-
sarily apply to SS originally trained wlli]e
iacklng the amygdala. In both studies rela-
t il-ely few test trials were used, and since
(me or both of the test stimuli were noyel,
grour differences may well have been due
to {liffercnt,ial novelty responses rather than
to (differences in transposition. The latter
])oilit, is cs])ecially relevant, beca~lse it has
IJPO1) shown by Douglas and Pribrnm
(1 966) tlhat normal an{l nlllygclnlectolnizecl
monkeys differ in their responses to novel
stirmlli. In acldition, one of the authors
,aho~’c had always suspected that his trmls-
l)osit,ion results were somehow related to
{lifferenccs in general reactions to the sud-
rlcnly int,rodlleed test stinluli.2 Finally,
in tile seron(l experiment reported in

‘ T{. Pril>rnm, personnl romnlllni{!nt.inn, 1066.
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Schwart,zhnu])l nnfl Pril)r:~lll ( 19(;(I I, t II(I
rcslllts M7crP rlial)lrtrically opl]osI\(l to thos{~
of the first c’xperinlentl Illlon wl~i(’11lllost of
the conclusions were hase(l. Ill thnt se(,onfl
expcri]nent ~Ss were traine{l to n]wnys rf~-
s])onrl to a stilrlo]lls of )1~(’rlillnl l)rigl]t.n(’ss,
whet,l](,rit was ]):~irr(l with a ligllt[~r or
(I:lrk(,r st,illluhls, Sinc(! n t r:llls])osi~ ion t (,n(l-
ency would interfere with ar(lllisit ion on
this t,ask, nor]nal ,Ss s]lOU](] hnvf ]J(’rforl)l[’(1
])oorly in colnparison to the ;ll)lyg(lala
grolIp. In fa(’t, however, ex:irtly tl}(! ol)-
l)ositc results were found, with the norl)lfil
group learning in shout a fifth as l)lan?’
triais as th(’ :~InygdtLlt~ group, ancl n:akinx
only a})out, a fourth as nlany “errors”
(transposition responscsl. Since this test
differerl froln the othrrs in that it was Jnu(’h
longer and ])reslllnallly 10ss sensiti~e to
initial novelty reactions, anfl sinc(’ ill this
test no clcfieit was found after n.J~lvg[lalcc-
tolny, the nleasure of transposition chosen
for the present study invol~.eci trainin% to
resllond diflerentiallv to one of a Ilair of
st,ilnllli which differecl in size, al}(l t.11(’nr(J-
training to another pair which (Iiff(’rrcl

along the sal~](’ dinlension. Tlnlik(’ the
Schwart,zl)aum and Pribranl cxp~’rilncnt,
however, a transposition response on t 1)[’
retraining trials wfis ‘tcorrect,” ‘~ransl)osi-
tion tendencies should then show Ilp as n
positive transfer of training.

Altho(lgh it was hoped that no tr:tl)sl]osi-
tion fleficit wolll(l be founrl in :Ln3ygdaler-
tonliz~d n~.onkeys, in the event that sllfIl~
a (Ieficit shou]rl he found it wolll(l he ill~-
portant to show that it was specifically
related to n.nlyg(i:iloi[i remo~al, xnd not to
either brain clanlage or lilnhic syst,cnl le-
sions in general. For this reason n gJhOUpof
hippocanlpa] ly lrsioned ,Ss was teste[l in
addition to thp a]l]ygdalcct,o]lliz~rl nn{l 0] )(Jr-
ated control groups.

Tho ,$s ~vrrr 14 immntllrr rlIosl Is IIIOIII;(,Y,C, B;-
lnteral IIil>]]o(nm])rrtomi[,s l~,f>rr ]lrrfornlf,,l ml 4
,Ss try :lsl~irniirnr tl]rollgl] n slit in 1lIr cn(orllin:l[
arm. Anl\$g(l:ilns Ivrr(, r(:mo~-e(l l]il:~l[~r:llly frrml
6 ,Ss })Y SO(:Iion il]rollgl] tl]f~ mr[linl t rn)l)or:~l lJIJI{,.
OJ>Prnl ing pr[)(:rflllrps IIsI~fl on thr4 oI}ernl(,fl con-
trol Ss nrrrc i(k.nticnl to t}losr Ilso(l fnr t 111>
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I Oriti”altraining
Sequenm

Positive S

1 ?6
2 J.4

3 1’
4 y<

——— .——
Transposition traininK

1Pwitive S Ncgntivc S

of tmining, as IIN, Inrgor (or smallf,r) (!ir(!l(, nr thI~
two was correct in both cases. Tbe lcnrning to
presq (or not press) o circle of a given (Iirmll,lrr
Sboldrl$ howevrr, flctrnct. from performrmce on the
ret raining or t.rnnsposition ksk.

[Tnfort,[lnatc]y, some Ss ]enrnc(l Ihe originnl
problem so fnst. I.hnt, there was little or no room
for in]provem~nt, on the retraining, nnd savings
mores were rendered meaningiem for these Ss.
FOr this re:~n an additional test was girtm whirl}
consistefl of r[?~,ersnltraining to the originid st.imn-
los pair followrd by retraining to the reverse of
the origin:d tmnsposition stimnli. IrJ ot.bcr words.
the posit ive or ttcgntive vmhle of the st.imnli
xbown nbovc was rcvemd, hnt proccd~lms other-
wise were illcnticrd to thow lawd on thr first tfist.
As reversnl goncrnll~? m(;nired mnn~~ mom t,ri~ds
than originnl lenrning, it was pomible to dckct
savings on this sreond test h~~ thow> Ss in which
this W:ISimpossihlr nftrr original I{,nrning.

Ovrrnll I,mns])o%it.ion ww nmnsllr(>d in terms of
peroentnge of m(htction in trinls t,o crilerion on the
rpt,raining t:wks ns com pnred to the maximnrn p-
sible refhlrtion. lior examl>le, if S re(ll]ired 40 trinls
to Jenrn t hc original pvohlern and 20 to Jemrnthe
tjrnns]]osv{l problem, then this re]>rewnts an im-
provrmcnt of 20 trinls oot of a mnxinmrn of 40,
or 507. in]provrment. This met,bo([ wns oscd be.
Caosr it (lilt nnf Irnd to ]]onnlizf. fnst orjgjnnl
lr,arning.

RESIILTS

Since transposition scores after original
Iearning anrl nft,er reversal training were
all]]ost identical for all ~$scoml)ined (63.6Y~
vs. 64.1 YOimprovement, respcctive]v), each
ASwas given a composite score in or(lcr to
eliminate some of the va.rial)i]ity due to
verv fast origin:il learning in some J$~.
Transposition scores, in terms of percent-
age of improvement! on the retraining tasks!
were: llippocallll>ectolnized group, 79.2YL;
opcratc(l control grmlp, 63.5~; alnyg~[:l.lc(,-
tlolnizer] group, 5;.4%,. None of tllr grol]l)
differences al]pro:~r]lc[{ st,ntisti C:~] sigllifi -
canee, the largest, t l)cing that f~rttvrrn thr

hip])orampus group m){l the other two com-
I)in(l[l (f = 1.58). Savings or inlprovetncnt
scorcts wcr(? iu all rascs significant.ly larger
than a chance IeYel of no improvement
(hippocampus group, t = 8.1; control
group, t = 8.6; amygdala group, t = 5.5;
p < .005 in all casesj. The hippoeampal
gro[lp averager] 20 trials to criterion in the
original prol)lcm an(l O on the transposition,
145 trials to reversal ancl 32.5 trials to
transl)osition of the reversal. \Vitil tllc cou-
trot groll]~ thc>sc figllrcs tvrrr 15 vs. 10 and
58 vs. 20; an~l in the amygdala group th(~
figllros for trials b criterion were (i8.3 vs.
26.7, and 160 vs. 75 trials. It is cloubtful
that nlorc than a small part of this marked
in]provement in all groups on the retrain-
ing trials, including the amygdala group,
couhl he due to a general learning set, as
these were highly sophistjcatcd ,Ss and the
tasks extremely simple. Thus, when this
method of measuring transposition is used,
anlygdalcctomy appears to have produced
no d(’tectable deficit in transposition. In
addition, hippocampectomy is now known
to pro~hlce no deficits in transposition tencl -
encies.

~lSCUSSION

JV1lilc the measure of the amount of inl-
proven]ent in trjals to criterion indicated
that all three groups had high transposition
tenclencies, a different conclusion would
have been drawn if only the first 20 or fewer
trials had been considered. On the first 20
retraining or transposition trials, both the
mnygda]a and control groups made only a
few more correct responses than they had
on the original training or reversal. In
terms of percentage of in]l)rovelllent in per-
fOrll~allC(!, the figures were: anlygclaln
group} 28Y~; control group. 11 q. The inl-
provemcnt in pcrforl]la.nce in these two
groul)s colnl)itte(l was significantly less than
that folm(l in the hippocan)pal group, which
averaged 60.1 7~ (t = 2.7, ?) < .02). This,
couple{{ with the fart that, I)ot.h groups ‘[rc,-
coverr(l” (plickl~ enough to show hi~h over-
all savil]gs, inchrntrs that perfrrrlnanr(~ il}
tllr :ll]}SFK(I:LI:]:ulfl rent.rol groulls ])lay Iln\-c
l)e(’n t(!l)ll)or:iril~ (lisrul)t(~(i hy soIIle fartor
wlliril ra])i{lly (i]ssil)at[~rl. An obvious possi-
l)ility is that novelty respons(~s wrre de-
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tracting from perfornlance on t,be enrjy
trials during retraining. This I)ossibijit,y
was investigated by comparing present per-
formance on these trials with the results of
a novelty test which bad preciously been
given to these same animals (Douglas ~t
Pribram, 1966). On that test Ss hacl been
trained to press the most rewarded of two
partially reinforced stimuli, ancl then these
two stimuli were separately paired with a
series of novei stimu ii. A high negative
correlation was found between S!s former
tendency to respond to the novel stimulus
in comparison to the least rewarded cue
and the present degree nf in~provemell~ on
the first 20 retraining trials (r = – .74,
p < .01). That js, the more often S bad re-
sponded to the novel cue, the more likely
it was that it would do poorly on the early
transposition trials. An equally high corre-
lation was found in the amygdala and con-
trol groups between a former indifference
in choice between the novel and most re-
warded cues and present success on the
early trials (r = .76, p < .02). Since both
the novelty and the transposition tests in-
volved novel stimuli, and since only one
test could be considered to measure trans-
position (the novelty test used pattern
stimuli which differed on no known dimens-
ion), it is highly probable that this corn-
rnon variance can be attributed to the pres-
ence of a novel stimulus.

This analysis does not, however, recon-
cile differences between the present results
and those of the first experiment of
Schwartzbaum and Pribram (1960). In
their study the positive stimulus of the
first pair was always retainecl in the test
pair, and only 12 test trials were given.

[J]lrjer these con(iitions tl]e present an]yg-

{Ialn groul) perforn]c(l allnost identically to
tl]eir arnygdala group (5.0 vs. 5.8 transposit-

ion respo~lses), but the present control
group cliffered from theirs (4.7 vs. 11 trans-
position responses ). Their results are, how-
c~.er, consistent with a hypothesis that both
groups had high transposition tendencies
but that the normal Ss were responding to
the novel stimulus in t,tle test p~ir,\\>}]~i~
the amygdalectomized ~Sseither were avojd-
ing it or were attracted t,. tile ~llore fa-
miliar cue. In any event, the present re-
su]ts indicate that the use of only a few
test t~iaiS as :L Il]easure oi trallsposltloncan
resu It in performance highly determined
I)y a response to novelty. The present re-
sults show that neither amygdalectomy
nor hippocarnpect,orlly appears to reduce a
tendency to learn relative differences be-
tween stimuli and to transfer this learning
to a new situation. Thus, there js presently
no need for any theory of limbic system
function to encompass a transposition defi-
cit after removal of the amygdala.
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